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20. (Amended) The method of claim 19, wherein controlling the channel currents 
comprises: | 

generating a plurality of pulse width modulated signals for the plurality of 
channels to selectively control the channel currents, each of the plurality of pulse width 
modulated signals based at least in part on the average channel current signal, one of the 
plurality of channel current signals, the second reference signal and the common error 
signal. 



L 



21. (Amended) The method of claim 19, wherein the second reference signal 
comprises a ramp signal. 




(Amended) A control circuit for a multi-phase DC/DC converter having an output 
voltage, the control circuit comprising: 

an averaging circuit, responsive to a plurality of channel current signals 
representative of channel currents for a plurality of channels, that averages the values of 



the plurality of channel Icurrent signals to produce a signal representative of the average 
channel current: 



an error amplifier; responsive to the output voltage and a reference signal, the 



V 



error amplifier providing a common error signal: and 

a plurality of pulselwidth modulator circuits, each responsive to the common error 
signal, the signal representative of the average channel current, one of the plurality of 
channel current signals, and)a second reference signal to produce a plurality of pulse 
width modulated signals to control the plurality of channels of the multi-phase DC/DC 



converter. 

— S=— ^ 




Please add claims 23^44 as provided below: 




23. The control circuit ofvclaim 22, wherein the averaging circuit further comprises 
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a summing circuit to add the plurality of channel current signals to produce a sum; 



and 



a scaling circuit to prod 



ce the signal representative of the average channel 



current from the sum. 



24. The control circuit of claim 22, wherein each pulse width modulator circuit 
further comprises: jj 

a signal combiner circuitlresponsive to at least the averaging circuit and having an 
output; and | 

a pulse width modulator having at least a first input responsive to the output of the 
signal combiner circuit. 

25. The control circuit of claim 24, wherein each pulse width modulator has a second 
input responsive to the second reference signal. 



26. The control circuit of claima22, wherein each pulse width modulator circuit 
further comprises: | 

a first difference circuit having an output; 

a pulse width modulator having a first input responsive to the output of the first 
difference circuit: and | 

a second difference circuit coupled to receive an output of the averaging circuit 
and an associated channel current signal, the second difference circuit is adapted to output 
a signal that is equal to the associatecttchannel current signal minus the signal 
representative of the average channel current an output of the second difference circuit is 



coupled to an input of the first difference circuit. 
27. The control circuit of claim 26, whl 




first difference circuit further receives 



an output from the error amplifier andlne'qutput of the second difference circuit 
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28. A multi-phase DC/DC converter having an output voltage comprising: 

a plurality of converter channels to supply a plurality of channel currents, each 

converter channel havinila control input and an output; and 

a control circuit clupled to the control input of each converter channel to provide 

w 

each converter channel with an associated pulse width modulated signal to regulate the 

I 

channel current flowing through each converter channel, the control circuit is further 



coupled to receive channe 



current signals representative of the plurality of channel 



currents, the control circuit comprising. 



a scaling circuit, responsive to the plurality of channel current signals, that 
produces a scaled value based on the plurality of channel current signals, 

an error amplifier, responsive to the output voltage and a first reference 



a plurality o 



signal, the error amplifier providing a common error signal, and 



pulse width modulator circuits, each pulse width modulator 



circuit responsive tolthe common error signal, the scaled value, one of the 



plurality of channel current signals, and a second reference signal to produce a 

plurality of pulse width modulated signals to control the plurality of channels of 

1 

the multi-phase DC/DC converter. 



IV 

29. The DC/DC converter bf claim 28, wherein the scaling circuit comprises: 

I 

a summing circuit to sum up the plurality of channel current signals: and 
a scaler, responsive to the summing circuit, that produces scaled value. 



30. The DC/DC converter oftclaim 28, wherein the scaling circuit comprises an 

i 

averaging circuit that produces a signal representative of the average channel current 
signal. 



3 1 . The DC/DC converter of claim 28, wherein each pulse width modulator circuit 
further comprises: \ 

a signal combiner responsive toUhe scaling circuit and having an output: and 
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a pulse width modulator having a first input responsive to the output of the signal 
combiner circuit. 



32. The DC/DC converter of claim 3 1 , wherein each pulse width modulator has a 

\\ 

second input responsive to the second reference signal. 



33. A multi-phase DC/DC converter having an output voltage, the converter 



comprising: 

a plurality of converter channels, each converter channel having a control input to 



receive a control signal and an output, wherein each converter channel is adapted to 
output a converter channellcurrent based at least on the control signal received at the 
control input of the converter channel; and 



a control circuit comprising 



u 

an error amplifier to output a common error signal, the error amplifier 
coupled to a first reference signal and the output voltage, a summing circuit 
coupled to receive channel current signals representative of the converter channel 
currents, the summing circuit outputting a cumulative current signal representative 



of the summation of Ithe channel current signals, 

a scaling circuit coupled to the summing circuit and producing a scaled 
signal based on the cumulative current signal, and 

a pulse widthlmodulator for each converter channel, each pulse width 
modulator responsivelto a combination of the scaled signal, an associated channel 
current signal, a second reference signal, and the common error signal. 



34. The multi-phase DC/DC converter of claim 33, wherein each pulse width 
modulator has a first and second input, the first input of each pulse width modulator 
coupled to a combination of threL of the scaled signal, an associated channel current 
signal, a second reference signaAnd the error signal and the second input of each pulse 
width modulator coupled to the remaining one of the signals. 
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35. The DC/DC converter of claim 34. wherein the scaling circuit divides the 



cumulative current signa by the number of converter channels to produce the scaled 



signal. 



36. The DC/DC converter of claim 34, wherein the scaling circuit multiplies the 

P 

cumulative current signal by a fraction to produce the scaled signal. 



37. A method of balancing a plurality of channel currents of a plurality of channels in 

a multi-phase DC/DC converter having an output voltage, the method comprising: 

\\ 

receiving a plurality of channel current signals, each of the plurality of channel 

\\ 

current signals representative of a channel current from one of the plurality of channels; 

adding the pluralitl of channel current signals together to obtain a cumulative 
current signal; | 

scaling the cumulative current signal to obtain a scaled channel current signal; 

comparing the output voltage with a first reference signal to produce a common 
error signal; and | 

controlling each of the channel currents based at least in part on the scaled 
channel current signal, one oflthe plurality of channel current signals, a second reference 
signal and the common error signal. 

38. The method of claim 37] wherein controlling the channel currents further 
comprises: V 

combining at least three of the, scaled channel current signal, one of the plurality 

\\ 

of channel current signals, one of the reference signals and the error signal; 

a pplying the combination tol a first input of a pulse width modulator; and 
applying the remaining signal to a second input of the pulse width modulator. 




t 

ELJMI 
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39. A method of balancing a current from a plurality of channels in a multi-phase 
DC/DC converter hawng an output signal, the method comprising: 

combining a plurality of signals representative of channel currents to create a sum 



signal; 



scaling the sumvsignal to create a scaled signal; 

generating a common error signal based on the output signal and a first reference 



itrll 



signal; and 

generating a control signal for each of a plurality of pulse width modulators, each 



control signal based on a second reference signal, an associated channel current signal, 
the scaled signal, and the common error signal. 

-i- v40. The method of claim-30, wherein generating a control signal comprises: 

combining three of the second reference signal, the associated channel current 
signal, the scaled signal and the error signal to a first input of a pulse width modulator; 



and 



coupling the remaining signal to a second input of the pulse width modulator. 



41 . A method of balancing current from a plurality of channels in a multi-phase 
DC/DC converter having an output signal, the method comprising: 

generating an error signal based on the output signal and a first reference signal; 



generating individual modification signals for modifying an effect of the error 

1 

signal for each of the plurality of channels, each individual modification signal based at 
least in part on a signal representative of a channel current for the channel and a signal 
representative of a scaled sum ol the channel currents for the plurality of channels; and 



a pplying the error signal and individual modification signals to a plurality of pulse 
width modulators for controllinglthe channel currents of the plurality of channels. 

42. A control circuit for a multi-phase DC/DC converter having an output voltage, the 
control circuit comprising: 
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V 



a scaling circuit, responsive to a plurality of channel current signals representative 



of channel currents forca plurality of channels, that scales the values of the plurality of 

\ 

channel current signals to produce a scaled signal; 



an error amplifier, responsive to the output voltage and a reference signal, the 
error amplifier providing^ common error signal; and 

a plurality of pulsl width modulator circuits, each responsive to the common error 
signal, the scaled signal, one of the plurality of channel current signals, and a second 



reference signal to producem plurality of pulse width modulated signals to control the 
plurality of channels of the multi-phase DC/DC converter. 



